Background: Previous research has shown that the built environment plays a role in habitual levels of physical activity (PA), however much of this research has been conducted in adults and higher income countries. The aim of this pilot study was to examine the strength of association between the built environment and PA in South African older adults.
Background
The average population of Africa is growing older and the projected shift suggests that the number of adults reaching 60 years or more is expected to double in many African countries in the next 50 years [1] . It is anticipated that the South African older adult population will increase by 300 % from 1985-2025 [2] . The increase in the proportion of persons older than 60 years is one of the contributing factors to the increased burden of noncommunicable diseases (NCD) [2] . Recent data shows that the prevalence of self-reported NCD among South African older adults is 52 % with 23 % have more than one NCD [3] .
There is consistent evidence of association between physical activity and reduced risk for non-communicable diseases [4] . Even in older adults, regular physical activity has been associated with an overall reduction in morbidity and mortality [5, 6] . Regular physical activity in older adults can help increase functional independence [7] , increase mobility and muscle strength [7, 8] , maintain glucose blood levels [9] , improve bone health and bone mineral density [7, 9] , improve psychological [9] wellbeing as well overall quality of life [7, 10] .
Despite the evidence of the benefits of regular physical activity, there is a trend for activity levels to decline with increasing age [6, 11] . Indeed, the prevalence of sufficiently active men and women declines from 34 % in [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] year olds to 7 % among those older than 65 years [12] . The decline in activity levels is more pronounced in women, lowincome groups and in persons with low education levels [13] . Specific barriers to physical activity in older adults have been identified and include: poor health, reduced mobility and fear for personal safety due to crime and traffic [6] . For example, Amosun et al. [14] found that older adults were unable to walk while carrying packages, at a pace that would allow them to cross at an intersection in the time taken between a change in traffic signals. Furthermore, more than half of them felt apprehension, anxiety or fear while crossing roads [14] .
The link between attributes of the built environment and physical activity, such as mixed land use and street connectivity, has been well described in adult populations [15] . There are also studies demonstrating that the location and nature of recreation facilities, shopping and transit destinations in a neighborhood may also influence levels of physical activity, and walking in particular. Sallis et al. found that access to low cost recreation facilities and the presence of sidewalks on most streets were significantly associated with meeting the physical activity guideline of 150 min of moderate-vigorous intensity PA (MVPA) per week, OR = 1.16 and 1.47, respectively among adults between the ages of 18 and 65 years [16] . Conversely, Gomez et al., [17] reported a negative association between street connectivity and walking among older adults living in Bogata, Columbia. Thus the influence of the built environment, including forms of residence and location of retail outlets, on physical activity and walking may differ from country to country, and in persons in different age groups [10] . Areas with high residential density and street connectivity together with land-use mix have been used to determine the 'walkability' of neighborhoods [18] .
The construct of "walkability" of a neighborhood and the relationship between the perceived neighborhood environment and physical activity levels is an important one, as it may provide insights for urban planners and policy makers as to how the built environment, and aspects of safety and zoning, traffic calming and shopping, may impact on health-seeking behaviours such as physical activity. However, much of the research has been conducted in the Global North, with some evidence from South America [10] . In addition, there is limited research among older adults, as most studies investigating the relationship between the built environment and physical activity have been conducted amongst adults younger than 50 years of age [10] .
Thus, there is relatively little data on the relationship between perceived neighborhood environment and PA from countries from the Global South and virtually no data amongst older adults. Therefore, the aim of this research study was to estimate strengths of association between measures of the built environment and habitual levels of physical activity in South African older adults.
Methods

Setting
Two suburbs were selected for this cross-sectional pilot study, where one suburb represented a high socioeconomic area, Claremont (HSA) and the other a low socioeconomic area, Athlone (LSA). The socioeconomic status of the areas was based on average housing prices according to the March 2012 report which were obtained from the "Property 24 Cape Town" website (http://property24.com/for-sale/capetown/western-cape/432). Table 1 compares the demographic data from these two suburbs [19] (City of Cape Town 2011 Census; https://www.capetown.gov.za/en/ stats/Pages/2011-Census-Suburb-Profiles-land.aspx). These suburbs were comparable as they are largely residential, but both have a main road populated with commercial shops representing mixed land use. Both have schools in the area. Therefore the Claremont and Athlone suburbs were selected for the study as they had similar land-use mix, both had an exercise group for older adults, and but had different socio-economic status. Eligible participants lived within 5 km of a recreational facility and this buffer was used as the criterion to define their neighborhood in order to include destinations that are accessible by walking and motorised transport.
Participants
A convenience sample (n =44) of men and women older than 50 years participated in the research study. The participants living in the LSA were recruited from a community-based exercise program for older adults (Community Health Intervention ProgrammeS, CHIPS, Live it Up group [20] and by word of mouth. Similarly, those living in the HSA were recruited from members of the Sports Science Institute of South Africa's (SSISA) group exercise classes, and by word of mouth. This is important as recruitment in both groups represented, at least in part, members of group-based exercise programs which comprised walking and low impact circuit exercises.
Inclusion and exclusion criteria
Men and women 50 years old or older and living within 5 km of the CHIPS programme site or SSISA were eligible to participate in the research study. Older adults that had been previously diagnosed with a stroke, Parkinson's disease, balance disorders, impaired vision or had uncontrolled conditions such as hypertension or diabetes (not on medication) were not eligible to participate.
Measures
Questionnaires
Demographic variables
The researchers administered a socio-demographic questionnaire, which included questions such as age, gender, education, marital status and vehicle ownership. These questions were comparable to that of Hanibuchi et al., [10] who conducted a similar research study among Japanese older adults. In addition, participants reported on whether they used public transport, which included the bus, train or mini-bus taxis. The minibus taxis carry up to 15 passengers each, and is one of the most accessible modes of public transport in South Africa [21] .
Self-perceived neighborhood environment
Participants completed the Neighborhood Environment Walkability Scale (NEWS) which assesses perceived residential density, land use mix -diversity, land use mixaccess, walking/biking infrastructure, aesthetics and traffic and crime safety [22] .
Residential density
Residential density is based on the number and types of various residences like detached single-family residences, townhouses and apartments in the neighborhood.
The land-use Mix
Diversity score is based on the perceived proximity of 23 different destinations from home, ranging from less than 5 min walk to more than a 30 min walk from home [23] .
A 5-point likert scale was used to score the proximity of destinations where a score of 5 was given to destinations closest to home and a score of 1 allocated to destinations further from home. The mean value the 23 responses were recorded as the Land-use Mix Diversity score, with a higher score representing more facilities and destinations close to home. Participants rated the number of destinations within walking distance from their home using a 4-point Likert scale, ranging from strongly disagree (1) to strongly agree (4) to calculate the Land-use Mix Access score. The average score for the seven questions was recorded as the Land-use Access score, with a higher score indicating more destinations within a 10-15 min walk from home.
Street connectivity
Similarly, a Likert scale was used to measure the Street Connectivity, which was based on the number of culsda-sac and intersections in the neighborhood . A score of 4 was allocated to responses where the participant 'strongly agrees' and a score of 1 where they 'strongly disagree. The higher the score, the better the street connectivity.
Walking/cycling facilities
Walk/Cycle Infrastructure score was based on the presence of sidewalks, pedestrian and cycle trails and physical barriers between walk/cycle paths and roads. The scoring was based on a 4-point likert scale as for 'Street Connectivity'. A higher score implies greater infrastructure and facilities to promote walking and cycling.
Aesthetics/neighbourhood surroundings
The presence of trees, attractive sights and litter were some of the items in the Aesthetics score. Participants reported their level of agreement with six statements, ranging from strongly agree to strongly disagree. The average score was recorded, with scores ranging from 1 to 4, and a higher score suggests that neighborhood is more aesthetically pleasing.
Safety from traffic and crime
Safety from traffic and crime were also scored on the 4-point Likert scale and included items where participants reported on volume and speed of traffic, availability of pedestrian crossings and perceived crime rates. The closer the average score is to 4, the safer the participants feel from traffic, whereas a lower score suggests that they feel less safe. Safety from Crime was calculated in the same way for the questions related to crime.
Neighbourhood satisfaction
Lastly, the neighborhood Satisfaction score was the average of 17 items scored using a 5-point likert scale described in the other sub-scores. The mean of the 17 items were recorded and a higher score (closer to 5) suggests greater satisfaction.
Habitual levels of physical activity Self-reported physical activity
The Global Physical Activity Questionnaire (GPAQ) was used to collect data on self-reported physical activity [24] . The GPAQ includes questions on habitual levels of light, moderate and vigorous intensity physical activity. The physical activity domains include workrelated activity, transport and leisure-time activity. Outcome measures included work-related moderatevigorous intensity physical activity (MVPA), transportrelated MVPA, leisure time MVPA and total MVPA. Total MVPA was used to determine if participants met the physical activity guideline of 150 min or more, per week.
Objective measures
Participants were requested to wear the Actigraph GTX3 accelerometer for 7 consecutive days [25] . A minimum of 4 days of data with at least 600 min (10 h) of data per day was required for statistical analysis [26] . Light, moderate and vigorous intensity physical activity was calculated from cut-points previously described by Matthews et al., [25] . Counts less than 759 per minute were categorised as light intensity physical activity, those between 760 and 5998 per minute were moderate intensity and counts more than 5999 per minute were categorised as vigorous intensity physical activity. Total time for sedentary, light, moderate and vigorous intensity was calculated.
Statistical analysis
The STATA software package was used for all the analyses. Mean, standard deviation and standard error were calculated for the continuous variables, which included demographic information, physical activity (GPAQ, accelerometer and pedometer counts). Frequency tables were computed for categorical variables. T-tests for independent groups and Chi 2 analyses were used to determine significant differences between older adults from the higher and lower socio-economic areas.
Spearman's correlation coefficients were used to characterize the relationship between the perceived neighborhood environment and physical activity. Furthermore, participants were categorised as physically active if they met the guideline of 150 min of MVPA per week, and inactive if they did not.
Ethical considerations
Each participant received ZAR 50 (~4.65 USD) for the time taken to complete the questionnaires. There were minimal risks associated with participating in this research study because participants were asked to maintain their habitual levels of daily activity. Informed written consent was obtained from all participants prior to entry into the study. This 
Results
Participant characteristics
The participants' mean age was 65.0 ± 8.5 years. The total sample comprised of 10 men and 34 women, with HSA having significantly more men than the LSA group ( Table 2 ). The HSA residents had significantly higher levels of education than those in the LSA with all but one resident having a secondary level education or higher (chi 2 = 26.22; p < 0.001) (data not shown). Just over a third (36 %) of the participants were employed either fulltime or part time, with more participants from HSA having a job (Table 2 ). Furthermore, significantly more participants from the HSA received an income from investments ( Table 2 ). The main source of income for those living in LSA was the state pension, and this was significantly more than for the HSA residents.
All of the participants living in HSA owned a car while only 7 of those living in LSA had access to a motor vehicle at home (Table 2) . Consequently, the mode of transportation was significantly different between the two groups and none of the HSA participants reported using public transport when travelling from place to place (Fig. 1) . Two-thirds the LSA participants reported using a mini-bus taxi as their main form of transportation, whereas the all the HSA participants reported using their own car.
Neighborhood environment
The NEWS Land use mix diversity score, which represents the walking time to various facilities in the neighborhood, was not significantly different between the two groups (Table 3 ). However, those living in HSA reported significantly more facilities that were further from home, 5.1 ± 4.3 versus 1.8 ± 3.3, p < 0.001 (data not shown). The NEWS-Land use mix access score was significantly higher for those living in LSA, and represents the number of places to visit the in the neighborhood and access to services like public transport and stores ( Table 3 ). The HSA neighborhood was perceived to be more aesthetically pleasing than LSA ( Table 3 ). None of the other scores obtained in the NEWS survey were significantly different between the two groups ( Table 3) .
Self-reported physical activity
Most of the participants reported more than 150 min of MVPA per week. The participants living in HSA reported significantly more weekly, moderate-vigorous intensity physical activity than those living in the LSA (Fig. 2) . These participants reportedly spent significantly more time in leisure-time physical activity and significantly less time in transport-related physical activity than the LSA residents ( Fig. 2) . Therefore, leisure time physical activity was the main contributor to total MVPA for those living in HSA, while transport-related activity was the main contributor for LSA. There were no significant differences in reported time spent sitting between the two groups.
Objective measures of physical activity
Data from the GT3x accelerometer is in line with that from the GPAQ questionnaire, which shows that the HSA participants had significantly greater total moderate-vigorous intensity physical activity than those from LSA (Table 4 ). No vigorous intensity physical activity was recorded for the LSA residents, and only 15.1 ± 39.8 min per week were recorded for HSA residents. Despite the HSA participants having higher levels of physical activity, they had significantly higher sedentary time than the LSA group (Table 4) .
Relationship between perceived neighborhood environment and physical activity
The NEWS Land use mix access score was negatively associated with self-reported weekly leisure time MVPA for the total sample (Table 5) . Therefore, leisure time MVPA is lower when there is more limited access and proximity to services and facilities such as stores and transit stops ( Table 5 ). In addition, perceived safety from traffic was inversely associated with self-reported travel-related physical activity for the total sample ( Table 5 ). This finding approached significance for the HSA group, where a higher score, suggesting less safety from traffic, was associated with lower levels of travel-related physical activity. The safer the residents in LSA felt (from crime), the higher the self-reported MVPA. The availability of walking and cycle paths were significantly and positively associated with travel related physical activity for the LSA residents R 2 = 0.30; p = 0.009, ( Table 5 ).
The only NEWs variables significantly associated with objectively measured physical activity were residential density and neighborhood satisfaction, and this was only in the HSA residents ( Table 5 ). None of the other NEWS 
Discussion
The main aim of this pilot study was to characterize the relationship between the perceived built environment and physical activity in older adults from both low and high socio-economic neighborhoods, respectively. The first important finding was that older adults from the LSA had significantly higher levels of self-reported active transport and lower leisure-time and total MVPA than those living in the HSA. This is supported by findings from other low-middle-income countries such as China and Brazil [18, 27] . Chinese older adults representing a higher socio-economic status participated in less walking for transport and more walking for recreation than those from the lower socio-economic groups [27] . Similarly, the prevalence of Brazilian adults from lower income areas meeting physical activity guidelines was less than those in higher income areas [18] . The
Brazilian study also found that adults between the ages of 18 and 65 years, living in higher income areas reported more leisure time walking than their counterparts [18] . Therefore, it appears that neighborhood socioeconomic status potentially influences physical activity in both younger and older adults living in developing and low-middle-income countries.
It is likely that the difference in transport related physical activity between the two neighborhoods in our study is due to the differences in motor vehicle ownership. None of the LSA residents had access to a motor vehicle at home and they walked twice as much for transport than the HSA residents. Likewise, Turrel et al., [28] reported that Australian adults living in low-income neighborhoods were less likely to have access to a motor vehicle at home and that there was a linear relationship between motor vehicle access and walking for transport. Furthermore, our findings are in-line with previous research which has shown that elderly Japanese adults without a motor vehicle in the home were 1.43 times more likely to walk for transport than those with one or more motor vehicles. However, motor vehicle access was not associated with recreational walking in the Japanese study [29] .
It is therefore plausible that the reason for increased transport-related walking in the LSA residents might be due limited options having no other option when they need to get from place to place. On the other hand, leisure time physical activity, which is more dependent on discretionary time and activity, may be lower in the LSA groups, in part, in compensation for the transportrelated activity, or perhaps due to less discretionary time, as a consequence of active transport. Socio-economic status might be another reason for the differences in leisure-time physical activity between the HAS and LSA. Previous research has shown that individuals from lower socio-economic and minority groups are less likely to participate in leisure-time physical activity than those from higher socio-economic groups [30] .
The number of destinations in the two neighborhoods in our study, quantified as the NEWS Land-use Mix Diversity score, was similar for LSA and HSA. This means that the distances of stores and facilities such as the post office, banks and restaurants from the participants' homes were similar. However, the NEWS Land-use Mix Access score, which is based on a composite score according the ability to access services and destinations within 10-15 min walk from the home, was significantly higher in LSA. Therefore, the ease of access to destinations and services in LSA might have also contributed to their increased levels of active transport. Indeed, previous research has shown that the ability to walk for transport might also be influenced by the availability and accessibility to destinations [31] . Nathan and colleagues reported that even after adjusting for demographic variables, older adults were more likely to walk if general services like the hairdresser or pharmacy were within 400 m or 800 m of the house [32] .
The second important finding in our study was that the NEWS Land-use Mix Access score was negatively associated with leisure-time. Thus, the more services within 10-15 min from the home, the less time the older adults in our study spent in leisure-time physical activity. This is contrary to what we would have expected, as previous research suggests that destinations has a positive influence on physical activity [15] . Our finding is supported by Hanibuchi and colleagues who found that the number of destinations within a one-kilometer radius from an older adult's house was negatively associated with total walking time [10] . These researchers quantified total walking time and did not record whether the walking was for transport or leisure [10] . Conversely, access to exercise and general facilities were positively associated with total neighborhood walking in Japanese and Australian older adults [29, 32] . The difference between these findings and those that we observed in our study might be due to the differences in research methodology. The NEWS instrument used in our study has a composite score for access to services while those used in the Japanese and Australian study looked at individual services. Those researchers disaggregated the various services as they postulated that different destinations are important to older adults. For example, older adults might be more likely to walk to healthcare services and less likely to walk to schools [32] . Moreover, findings from a recent research study shows that older adults are 1.19 times more likely to walk to venues that encourage social interaction like places of worship and restaurants [32] . None of the sub-questions in the NEWS Land-use Mix Access section included questions on access to healthcare facilities or restaurants or places of worship.
Furthermore, the NEWS Land-use Mix Diversity score, which is based on the proximity of various services, in our study was not associated with habitual levels of physical activity. In addition, Nathan et al. and Inoue et al. only measured walking, whereas our study included all physical activity. Therefore, we might have found significant associations if we disaggregated each of the questions used in the various NEWS scores or considered walking as the only form of physical activity.
Another finding from our study was total weekly MVPA was inversely associated with perceived safety from traffic. Motor vehicle accidents involving pedestrian deaths has been previously identified as one of the leading cause of non-natural death among older adults [14] . Thus, it is reasonable to expect that issues of safety from traffic will contribute to habitual levels of physical activity, especially in older adults [33] . Indeed, the older adults participating in the study by Tsunoda and coworkers were more likely to walk for at least one hour per week if there were good traffic safety measures and pleasing neighborhood aesthetics [34] . The older adults in their study were more likely to meet the physical activity guidelines if sidewalks were present [34] .
Similarly, our results shows that the availability of walk and cycle paths were positively associated with transport-related physical activity for LSA residents. Likewise, older adults in Hong Kong were more likely to participate in recreational walking if the infrastructure included bridges and connecting services was present [35] . These findings, together with ours, underscore the role of the built environment attributes to promote walking in older adults.
As expected, the older adults living in HSA found their neighborhood more aesthetically pleasing than the LSA residents. Leisure time physical activity was higher the more aesthetically pleasing the residents' perceptions of the neighborhood. This relationship was also present for those in HSA. This finding is in line with those from other studies, including one among Japanese older adults [34] . Furthermore, the older adults in HSA reported that they always use their motor vehicles when travelling from place to place, they may have chosen to be physically active in another neighborhood or facility. Based on our study design, most of the older adults were recruited from a commercial gym and seniors club, and this could be where they participate in most of their leisure time and MVPA.
Limitations and strengths
This is a pilot study and we employed a convenience sampling strategy, with only those living within a 5 km radius to the commercial gym or community-based exercise club being eligible to participate. As a result, with only 44 participants, this reduces the generalizability of our findings. Another limitation is that because our participants were recruited from exercise groups, they might be more active than other older adults. Nevertheless, this is the first study to investigate the role of the
